Abstract
I. Introduction
Significant modifications of the properties of bulk materials provided by nanosized materials have opened many new fields of applications. One field of application is in photoelectrochemical cells. New generation photovoltaic cells are based on nanocrystalline materials and conducting polymer films [1] . Nanostructured materials are also optimal candidates for gas sensing [2] . Nanostructured titania (TiO 2 ) films are widely applied as photovoltaic solar cells, photovoltaic reactors, high performance anodes in ion batteries, gas sensors, electrochromic displays and electrical insulators [2, 3] .
Hematite (α-Fe 2 O 3 ) is a low cost, naturally abundant, stable material that has many potential applications [4] . Some of the limitations of hematite in view of application as a photoelectrochemical anode can be overcome using nanostructures. Another approach to improving the properties of hematite is elemental doping with dopants such as Ti, Sn, Si [5, 6] .
Thick film technology offers the possibility of producing high performance devices at a very low cost [3] . Be Integrating sphere attachment in the measuring range 220-1400 nm. Baseline correction was made using the glass plate substrate.
III. Results and discussion
XRD diagrams of thick film samples are shown in Fig. 1 Figures 2a,b,c,d shows the surface and crosssection of the TO and FO thick films. The thickness of the film samples was estimated to be between 10 and 15 mm. The pure TiO 2 thick films are slightly coars- er, with more agglomerates even though the sintering temperature was low. Grain-size increase due to coalescence of grains has previously been noticed for TiO 2 thin [2] and thick [3, 7] films. The pure hematite FO thick films retained the fine small grain structure of starting powders. Both thick films made of oxide mixtures (40% α-Fe 2 O 3 / 60% TiO 2 and 60% α-Fe 2 O 3 / 40% TiO 2 ) had a homogenous structure with small grains as shown on Figs. 2e,f,g,h. The grain size was slightly larger than for the pure hematite thick films, but smaller than for the pure titania TO thick films. Inhibition of grain growth suffered by titania nanograins through addition of iron oxide was noted by Comini et al. [8] in the case of the titanium and iron oxide nanosized thin films. Such a structure enables possible application of the obtained mixed oxide thick films as gas sensors. Figure 3 shows the cross section of the TO@FO sample (bi-layered Fe 2 O 3 /TiO 2 thick film). As the TiO 2 layer was screen printed over the α-Fe 2 O 3 layer the film thickness was estimated to be about 30 mm. Figure 4 shows the transmittance spectra measured for the analysed thick film samples. The absorption coefficient was calculated from measured transmission values using the UV-Probe software. The optical band gaps of the investigated thick films can be estimated using Tauc plots that relate the absorption coefficient with the density of optically absorbing energy transitions within a semiconductor [9] . The relationship of Davis and Mott [10] was used where, α = [A(hν-E g ) m ]/(hν), where A is a constant related to the density of electronic states above and below the band gap, hν is the absorbed photon energy and E g is the optical band gap relating to direct allowed transitions, when m = 1/2 and indirect phonon assisted transitions, when m = 2. For titania TO thick films the indirect band gap energy was determined as 2.99 eV, as shown in Fig. 5a . This was in accordance with the literature values [7, 11] . The indirect band gap determined for the FO thick film was 2.05 eV, as shown in Fig. 5b , that is in the range of the determined literature data for hematite [5, 12] . For the mixed oxides, the indirect band gap energies determined for the 40FO/60TO and 60FO/40TO thick films was 1.92 eV and 1.99 eV, respectively, while the determined direct band gap energies were 1.97 and 2.04, respectively. These values were in the range of the determined literature values for hematite, taking into account the differences reported for crystalline and nanocrystalline α-Fe 2 O 3 thin films, concerning the influence of the film thickness and grain structure on optical properties [13, 14] .
IV. Conclusions
In this work single layered (pure TiO 2 , pure α-Fe 2 O 3 and mixed Fe 2 O 3 /TiO 2 with two different oxide ratios, 2 : 3 and 3 : 2) and double layered (TiO 2 layer over a Fe 2 O 3 layer) thick films on a glass substrate were fabricated using starting nanopowders of TiO 2 (mostly anatase) and α-Fe 2 O 3 and screen printing technology. The deposited films were sintered at 650 °C/60 minutes. Structural (XRD) and morphological (SEM) studies revealed homogenous thick films with a small grain size and thickness between 10 and 15 mm for the single layered and about 30 mm for the bi-layered films. The optical band gap was determined from measured transmission spectra, and for the mixed oxide thick films was in the literature range of pure and doped hematite. This initial research confirms possible wide applicability of the fabricated thick films. Further research will involve a detailed analysis of a wide range of properties of thick films made of the fabricated mixed oxide thick film pastes on different substrates such as alumina and fluorinetin-oxide coated glass.
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